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INTRODUCTION 


FORERArtD 

With  the  advent  of  higher  performance  aircraft  designs  there  has  been  ■  - 

a  definite  requirement  for  transparent  materials  for  aircraft  glazing 
use  with  improved  properties  over  those  existant  in  materials  available 
during  World  War  II. 

With  the  above  problem  in  mind  the  AIA  -  ARTC  sought  to  affect  some 
improvement  in  transparent  materials  for  use  as  canopies,  windows  and 
domes  made  of  transparent  plastic  materials  of  both  the  monolithic  and 
lanimated  type  and  for  pressurized  and  non- pressurized  applications. 

The  W-38  subcommittee  was  subsequently  established  for  that  purpose. 

The  initial  objectives  of  the  W-38  subcommittee  were  as  follows:  .. 

a.  Assemble  and  issue  all  available  test  information 
on  present  transparent  monolithic  materials. 

b.  Establish  and  issue  a  list  of  aircraft  industry 

requirements  for  improved  transparent  materials.  , 

On  August  9,  1950  the  subcommittee  completed  and  released  an  AIA  docximent 
entitled  ‘’The  Summary  of  the  Properties  of  Transparent  Plastic  Airbraft 
Enclosure  Materials.”  This  infonnction  was  released  to  the  services, 
the  material  suppliers  and  the  aircraft  industry.  It  was  a  compilation 
of  data  submitted  by  the  services,  the  material  suppliers  and  the  industries 
own  data. 

On  September  12,  1930,  the  'Tentative  Requirements  for  Transparent  Plastic 
Enclosure  Materials'n^as  released.  This  constituted  the  best  list  of 
needed  requirements  for  monolithic  materials  that  could  be  established  by 


the  Induiibiy  arid  iras  released  as  such  to  the  services  and  material  suppliers* 
This  list . also  provided  specilic  test  methods  for  the  evaluation  of 
materials* 


The  new  materials  being  made  available  prompted  t|ie  ARTC  to  initiate 
a  cooperative  test  program  to  evaluate  these  materials  in  accordance 
with  certain  of  the  tests  specified  in  the  list  of  requirements*  ' 
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PURPOSE 


frhis  report  presents  the  test  requlrenients  ^7 


for  transparent  .^material^and  inclu^sa  Jhimnary  of  the 

industry’s  cooperative  testing  on  a  group  of  these  ^  ^ 

materials.  "1^  'ilAX&i 
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REVISED  TENTAnVE  REQUIREMENTS  FOR 
TRANSPARENT  PLASTIC  ENCLOSURE  MATERIALS 

NOTE*  (a)  Following  are  the  tentative  requirements  for  transparent  plastic 
enclosure  materials  as  revised  ly  the  W-38  Subcommittee  of  the 
Aircraft  Research  &  Testing  Committee  at  meetings  up  to  and 
including  the  one  held  May  13 >  1952 » 

(b)  All  specimens  shall  be  annealed  for  16  hours  at  25**^  below  their 

c  ■  '  '  '  , 

average  heat  distortion  temperature  and  cooled  at  a  rate  not  to 
exceed  50*F  per  hour.  Following  annealing  and  immediately  prior 
to  test,  all  specimens  shall  be  conditioned  for  96  hours  at 
77  +  2*F  and  $0  +  $%  R.  H. 

.  MONOLITHIC  MATERIAL 

A*  Optical  Properties  -  The  material  shall  have  optical  properties  equal 
to  or  better  than  MIL-P-6886  acrylic, 

B.  Heat  Distortion  Point  -  Material  shall  have  a  heat  distortion  point  Of 
230"F  when  tested  per  ASTM  D6Ii8-i*5T  at  26k  psi.  Ten^ierature  rise  shall 
be  2"C  per  minute.  (Ihis  satisfies  present  requirements  but  a  heat 
distortion  point  of  2$0^F  will  be  needed  in  the  near  future.) 

C.  Craze  Resistance  -  The  material  shall  have  no  tendency  to  craze  or 
deteriorate  under  fiber  stress  of  at  least  U500»  psi  with  or  without 
solvent  action  when  tested  in  accordance  with  MIL-P-6997  except  (1)  a 
nominal  .125  inch  fulcrxim  radius  shall  be  used,  (2)  the  load  shall  be 
applied  for  ten  minutes  before  addition  of  solvents,  and  (3)  no  crazing 
during  the  first  five  minutes  of  solvent  application  shall  be  apparent. 
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The  solvents  to  be  applied  continuously  shall  be  isopropyl  alcohol 
and  toluene  per  Specification  TT-T-5U8.  Crazing  tests  shall  also  be 
conducted  in  the  same  manner  at  2000  ,  3000,  iiOOO  and  5000  p si  and  the 
stress  recorded  at  which  crazing  first  appears# 

Tensile  Strength  -  Ihe  material  must  have  a  tensiJ.e  strength  equal  to 
or  better  than  aciylic  base  plastics  per  MlL-P-6886.-»»  Tests  shall  be 
conducted  per  ASTM-!)638-li9T  except  wider  modifications  in  the  configura¬ 
tion  and  preparation  of  T3rpe  I  specimens  are  to  be  allowed.  These 
modifications  are  to  be  reported.  The  ultimate  tensile  strength  after 
2  hours  at  230*F  and  tested  at  230"F  shall  not  be  less  than  liOOO*^  psi. 
Flexural  Strength  -  The  material  shall  have  a  flexural  strength  of  not 
less  than  l6,00Q»^  psi  when  tested  per  AS3M-D790-it5T  or  L-P-li06a.  Load 
deflection  curves  shall  be  obtained. 

Notch  Sensitivity  (scratched  flexural)  - 

1.  When  tested  per  ASTM-D-790-li5T  with  a  scratch  on  the^ tensile  side, 
the  material  shall  have  a  flexural  strength  of  10,000»  psi  or  not 
less  than  60^*,  of  un- notched  ultimate  strength  at  room  temperature. 
Scratch  or  notch  shall  be  .OOli  to  ,00?  inches  in  depth  normal  to 
the  specimen  length  in  the  center  of  the  span  extending  to  within 
0»05  inches  of  either  edge  as  made  hy  a  hardened  steel  scribe  .250 
inches  in  diameter,  tapered  to  a  point  in  the  distance  of  one  inch, 
point  radius  not  to  be  more  than  .002  inches.  Load  deflection  data 
shall  be  reported. 

2.  The  flexural  strength  at  -65 *F  shall  not  be  less  than  the  room 
temperature  strength.  The  specimen  shall  be  conditioned  for  2k 
hours  at  -65“F  and  tested  at  -65°F,  Load  deflection  data  shall  be 
reported. 


3.  "Ihe  notched  flexural  strength  at  120‘’F  shall  be  determined  and 
reported* 

0.  Impact  Test  -  Tests  shall  be  in  accordance  with  ASTM-D-256-UlT  with 
the  following  exceptions: 

1*  Ihe  cantilever  beam  (Izod  type)  test  shall  be  used.  Wei^t  of 
the  pendxilum,  scale  graduations  and  construction  shall  be  such  as 
to  provide  a  total  range  of  at  least  2  ft.  lbs.  readable  to  an 

accuracy  of  .02  ft.  lbs* 

2*  The  specimen  shall  be  made  from  sheet  stock  of  ,250  nominal  thick- 
ness  and  shall  be  «250  +  ,010  thick  hy  ,500  +.000  -.050  wide  by 
2*50  +  *100  long*  At  leaist  one  surface  shall  be  left  in  the  as- 
manufactured  condition.  Machined  surfaces  within  the  central  inch 
of  the  specimen  length  shall  be  smooth- finished  with  itOO  grit 
abrasive  or  finer®  No  polishing  is  permitted  on  the  as— manufactured 
surface.  The  specimen  must  not  be  overheated  in  preparation. 

3.  The  specimen  shall  be  mounted  flatwise  in  the  claii?)s  of  the  Impact 
machine  so  that  the  pendulum  strikes  across  the  thickness  dimension 
causing  tension  in  the  as-manufactured  surface* 
ii®  Notched  specimens  shall  be  prepared  by  placing  the  scratch  in  the 
tension  (as  manufactured)  surface  at  the  centerline  of  the  specimen 
and  extending  across  the  ®500  inch  dimension  to  within  ®05  inches 
of  either  edge®  Ihe  scratch  shall  be  ,001^  -  .007  deep,  made  with 
a  hardened  steel  scribe  ,250  inches  in  diameter  tapered  to  a  point 
in  the  distance  of  1  inch,  point  radius  not  to  exceed  *002  inches® 

The  notched  specimen  shall  be  mounted  so  that  the  distance  from 
the  scratch  to  the  level  of  the  top  of  the  elart^jing  surface  is  .000  - 
.010  inches® 
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Tests  shall  be  conducted  at  room  tenperature  and  at 
6*  Test  Values  ~  Impact  test  values  averaged  from  a  group  of  five, 
shall  not  be  less  than  indicated  below*  Individual  test  values 
shall  not  deviate  more  than  20^  from  the  average®  Desired  values 
are  the  same  for  room  temperature  and  for  “65*Fe 

Plain  ^ecimen  lo5  ft® /lbs®  *  per  inch  of  width 

Notched  Specimen  ©5  ^ 

H.  Elevated  Tenperature  Creep  Tests  «  %en  subjected  to  four  of  the 

temperature- stress  cycles  described  under  paragraphs  1  throu^  8  below, 
«25  inch  thick  tensile  test  specimens,  prepared  as  per  ^ecification 
LP-it06a  Method  1011  (lype  I  Specimens),  shall  not  eAibit  more  than 
3  per  cent*  permanent  'ixtanston  between  gage  marks®  Cycle  specimens 
as  follows s 

1«  Place  test  specimens  in  a  circulating;  air  oven  at  230  3*?  for 

one  hour  at  aero  load® 

2o  Maintaining  the  test  specimen  at  230  *  3®P  apply  a  tensile  stress 
of  600  psi  for  one  hour® 

3c  Remove  the  tensile  stress  and  ali-low  specijnen  to  remain  unloaded  at 
230  f  3*F  for  one  hour® 

ij«  Repeat  steps  2  and  3  two  additional  times© 

Maintaining  the  test  specimen  at  230  ^  3“F  apply  a  tensile  stress 
of  600  psi  for  one  hour® 

6,  After  the  one  how  loading  period  and  while  maintaining  the  test 
specimen  under  the  600  psi  stress  at  230  *  3'*Fcp  determine  the 
maximum  extension* 


7»  Unload  the  specimen  and  allow  it  to  cool  at  iroom  temperature  and 
stand  unloaded  for  16  hoxirs. 

8»  Determine  the  permanent  extension  at  room  temperature  at  zero 
load  after  the  l6  hour  unloaded  period. 

9.  One  temperature-stress  cycle  consists  of  steps  1  through  8  inclusive. 
Ebctension  at  load  and  at  no  load  for  each  cycle  shall  be  recorded. 

10,000  Hour  Flexural  Strength  Requirements;  (Tentative)  Material  shall 
have  10,000  hour  flexural  strength  of  300CH^  psi  without  crazing  or 
deterioration  when  determined  by  the  following  method: 

1.  Test  shall  be  conducted  per  ASTM-D790-U5T  using  .2^0  material,  except 
the  specimen  shall  have  a  standard  scratch  per  the  short  time  notched 
bending  test.  Test  conditions  shall  be  $0  +  R.H.  and  75  +  ^‘’F 
temperature®  Three  specimens  shall  be  loaded  to  50^  ultimate  stress 
determined  from  the  short  time  notched  bending  test,  three  loaded 
at  ultimate  and  three  at  ultimate.  Record  the  initial 
deflection  of  each  specimen  and  the  creep  each  2U  hours.  Also 
record  the  time  of  failure  in  hours. 

2a  Plot  the  results  on  log-log  graph  paper  with  the  ordinates  repre¬ 
senting  hours  and  the  abscissae  maximum  fiber  stress  in  bending  as 
calculated  by  the  simple  beam  formula.  Place  a  point  for  the  short 
time  ultimate  stress  on  the  ordinate  representing  0.1  hour,  and 
place  points  for  the  time  of  failure  in  hours  of  50,  60  and  80Jg 
ultimate  stress  specimens  on  their  proper  ordinates. 

Draw  a  straight  line  between  the  short  time  ultimate  stress  point 
and  the  center  of  the  group  of  points  obtained  from  loads  less 


than  ultimate.  Extend  this  line  to  the  ordinate  10,000  hours 
and  record  the  stress  allowable  at  that  point.  This  stress  shall 
be  considered  the  10,000  hour  flexural  strength. 

J,  Weathering  Tests 

Test  arrangement  and  conditions  shall  be  in  accordance  with  ASTM-D67U-ii2T 

with  the  following  exceptions; 

1.  Minor  modifications  are  permitted  in  the  shape  of  the  specimen  to 
insure  proper  gripping  and  uniform  loading  within  the  test  length. 
Suitable  specimens  and  grips  are  shown  in  attached  figures  1  and  2 
(pages  lU  and  15).  Deviations  from  these  specifications  are  to  be 
reported. 

2.  The  specimen  shall  be  made  of  standard  sheet  product,  and  the  as- 
manufactured  surfaces  shall  be  free  of  scratches  and  not  disturbed 
during  fabrication  of  the  specimen. 

3.  Materials  need  not  be  classified  into  groups  of  materials.  Extenso- 
meters  and  deformation  measurements  are  not  required.  Gage  marks 
shall  not  be  made  on  the  specimen. 

it.  Duplicate  specimens  shall  be  tested  at  constant  stresses  of  1.  2000 

psi,  2*  iiOOO  psi  and  3®  6000  psi. 

5,  The  test  shall  be  conducted  under  exposure  condition,  in  a  region 
where  incident  sunli^t  imder  clear  sky  conditions  would  be  \mob- 
structed  for  at  least  6q%»  of  the  daylight  hours.  Protection  fro^m 
ground  winds  and  artificial  disturbances  is  desired® 

Observations  shall  be  made  and  reported  of  the  nature  and  time 
required  for  any  kind  of  deterioration,  and  the  total  time  until 
fracture  occurs. 
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7.  Simultaneous  tests  shall  be  conducted  on  the  unknown  material 
and  on  MIL~P-6886  acrylic  material  to  establish  a  basis  for 
comparison.  Requirements  are  as  follows: 

The  average  "life- time”  under  UOOO  psi  shall  be  in  excess  of  the 
average  time  for  fracture  of  MIL-P-6886  acrylic  at  UOOO  psi. 

The  average  "life-time”  under  6000  psi  shall  be  in  excess  of  the 
average  time  for  fracture  of  MIL-P-6886  acrylic  at  liOOO  psi. 

"Life-time”  is  defined  as  the  time  required  to  produce  a^y 
objectionable  discoloration,  deterioration,  or  crazing  discernible 
under  the  most  critical  lighting  conditions,  within  the  test  length. 

Forming  -  Material  shall  be  capable  of  being  formed  to  a  spherical 
segment  as  follows:  l/h  thick  sheet,  1  ft.  in  diameter  shall  be  capable 
of  being  drawn  to  a  depth  of  3  inches  for  canopies  and  6  inches  for  domes 

In  conducting  the  forming  tests  fixed  clamping  shall  be  used  and  no 
slippage  shall  occur.  Depth  of  draw  at  forming  pressures  of  3#  6,  9, 

12,  psi  and  higher  pressures  if  necessary  and  forming  procedure  and 
temperatures  shall  be  reported.  Exceptions  to  the  above  requirements 
will  be  allowed  for  those  applications  which  do  not  require  high 
tenperature  performance,  hi^  degree  of  forming,  etc. 

jja^^^ness  -  The  material  at  room  temperature  shall  have  a  minimum  hardness 
value  of  35  when  determined  by  the  Barcol  inpressor. 


M.  Joining  -  The  material  shall  be  capable  of  being  joined  by  conventional 
cementing  procediires  and  a  minimum  bond  strength  of  3500»  psi  shall  be 
required  when  tested  in  accordance  with  the  test  for  Bond  Strength  of 
Monolithic  Transparent  Enclosure  Materials  (Enclosure  D,  Minutes  of 
June  11  and  12,  1951*  Meeting,  ARTC-WR-^l-S?  July  17,  195l)<,  Test 
is  outlined  on  pages  l6  “through  2it« 

N«  Flammability  -  It  is  desirable  that  the  burning  rate  does  not  exceed 
that  of  MIIi-P»6886i»*  acrylic® 

0.  Water  Absorption  «  The  water  absorption  shall  not  exceed  that  of 
MIL"P«“68863!"Sf'  a  liCo 

Goefficient  of  Thermal  Expansion  -  The  coefficient  of  thermal  expansion 
shall  not  be  greater  than,  and  it  is  desirable  that  it  be  less  than 
MIL“P-6886»*  acrylic® 


LAMINATED  MATERIAL 


Notes  (a)  All  tests  shall  be  conducted  on  a  standard  laminate  having 
®l50  faces  and  «20  interlayer,  and  tensile  values  shall  be 
based  on  the  face  sheet  area  only® 

(b)  Heat  stability  tests  shall  be  performed  on  all  material  prior 
to  test® 


1«  Heat  Stability? 

1.1  Requirements s  After  heating  for  one  half  hour,  as  described  in 

paragraph  1.2  below,  the  laminated  sheet  shall  conform  to  the 
physical  property  requirements  defined  in  this  specification. 
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1.2  Test  Procedure: 

1.2.1  A  test  specimen  of  the  laminated  sheet,  minimuia  foLU"  square 
inches,  shall  be  hung  vertically  in  a  circulating  air  oven 
stabilized  at  temperature  referred  to  in  paragraph  A-2  belo:/. 

1.2.2  After  heating  one  half  hour,  the  test  specimen  shall  be  removed 
from  the  oven,  cooled  at  room  temperature  at  a  rate  not  to 
exceed  per  hour. 

Forming  Temperature  Range:  The  manufacturer  shall  define  the 
processes  and  forming  temperature  range  to  be  used  in  forming 
parts.  The  forming  temperature  range  is  defined  as  the 
difference  between  the  maximum  and  minimum  temperatures  that 
may  be  used  in  the  forming  process  without  deleteriously 
affecting  the  laminated  sheet.  The  forming  tenperature  range 
shall  not  be  less  than  20®F» 

3.  Forming  Requirements:  This  requirement  covers  three  different 

grades  of  laminated  sheet  with  respect  to  fcxrming  properties 
(l.e.,  sheet  usable  for  forming  (1)  Shallow  Drawn  Shapes, 

(2)  Deep  Drawn  Shapes,  and  (3)  Single  Curvature  Shapes). 

3»1  Shallow  Drawn  Shapes  (Canopies) 

The  laminated  sheet  shall  be  capable  of  being  drawn  to  a  depth 
of  2  inches  when  formed  through  a  lli  inch  diameter  ring.  The 
sheet  shall  also  be  capable  of  being  formed  into  a  single 
curvature  shape  with  a  radius  of  7  inches. 

3.2  Deep  Drawn  Shapes  (Domes )i  The  laminated  sheet  shall  be 

capable  of  being  formed  into  a  hemisphere  with  a  radius  of  7 
inches® 
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Single  Curvature  Shapes  (Windows):  The  laminated  shall 
be  capable  of  being  formed  into  a  single  cvirvatvirft  skace  vit'h 
a  radius  of  20”. 


Optics 

1*  Original  Haze  -  The  haze  in  the  as-received  condition  skall  be 
greater  than  i^.O^  when  measured  in  accordance  with  the  test  for 
Visible  Light  Transmission  and  Haze,  Method  3021,  of  %)ecification 
L-F-U06a. 

2*  Minor  Optical  Defects  -  The  total  number  of  minor  defects  shall 
not  exceed  three  per  four  square  feet  and  all  minor  defects  shall 
be  at  least  six  Inches  apart*  Minw  defects  include  axuy  imbedded 
particles,  sleeks,  orange  peel,  bubbles,  or  scratches  which  reduce 
visibility  through  the  plastic.  Blemishes  which  do  not  individually 
reduce  visibility  throu^  the  plastic  shall  be  disregarded.  Defects 
within  one  inch  of  the  edge  of  the  sheet  shall  be  disregarded. 
Inclusions  such  as  lint,  hair,  and  dust  particles  shall  not  be 
considered  blemishes  unless  they  individually  affect  an  area  greater 
than  that  equal  to  the  area  of  a  circle  with  a  diameter  of  0.20  inches 
Splices  in  the  interlayer  will  be  allowed. 

3»  Angular  Deviation  -  The  material  shall  contain  no  variations  which 
cause  an  angular  deviation  of  more  than  8  minutes  either  side  of 
the  undeviated  position.  Ihe  movement  of  the  image  shall  not  be 
irregular  or  wavy.  The  angular  deviation  shall  be  determined  in 
accordance  with  the  test  method  for  Optical  Uniformity,  Method  30itl 
of  Specification  L-P-h06a, 


U.  Qptic.al  Distortion  -  Ttie  optical  distortion  value  of  the  material 
shall  be  no  less  than  12  inches  excludinr;  a  margin  of  two  inches 
when  tested  in  accordance  with  Optical  Uniformity,  Method  30hl  of 
Specimen  L-P-UOba. 

C.  Fracture  Resistance  at  Low  Temperature  -  A  specimen  approximately  eight 
square  inches  in  area  shall  be  cooled  to  -18”  ^  2”C  (0  +  ij^F)  for 
sufficient  time  to  insure  equilibrium  ten^erature  throughout  the 
laminate.  The  specimen  shall  be  placed  on  a  rigid  flat  surface  with 
the  geometric  center  of  the  specimen  over  a  1/2  inch  diair^ter  hole  in 
the  flat  sxirface  and  immediately  struck  near  the  geometric  center  with 
a  one  pound  ball  dropped  from  a  height  of  8  feet.  If  both  layers  of 
the  face  sheet  are  not  fractured,  the  specimen  shall  be  turned  over 
and  struck  again  with  the  same  force. 

After  fracture  at  low  temperature  in  accordance  with  the  above  test, 
the  test  specimen  shall  show  no  delamination  from  any  crack  in  the 
face  sheet  material. 

D.  Long  Time  Tensile  Test  .  ' 

Test  arrangement  and  conditions  shall  be  in  accordance  with  ASTM  D67ii-li8» 
with  the  following  exceptions: 

1.  Minor  modification  is  permitted  in  the  shape  of  the  specimen  to 
insure  proper  gripping  and  uniform  loading  within  the  test  length. 
Suitable  specimen  and  grip  configuration  Fig,  I  and  II  respectively 
(pages  lU  and  15).  Deviations  from  these  specifications  are  to  be 
reported. 
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2. 


The  specimen  shall  be  made  from  standard  sheet  product.  The  as- 
manufactured  surfaces  shall  be  kept  free  of  scratches  and  undistvirbed 
during  the  fabrication  of  the  specimen. 

3«  Machining  of  the  specimen  shall  be  accomplished  with  cutters  and 
speeds  which  introduce  no  local  heating  or  surface  effects  into 
the  specimen.  Generally  recommended  is  a  small  diameter  router 
cutter  turning  at  high  speed,  but  traversing  slowlyj  best  combination 
of  speeds  and  cutter  face  angles  should  be  determined  for  the 
particular  test  material.  If  necessary,  specimens  should  be  finished 
with  UOO  sandpaper  and  polished.  Polariscopic  examination  can  some¬ 
times  be  used  to  check  for  strains  by  the  machining  operations. 

i^.  Machined  edges  of  the  specimen  which  remain  exposed  after  installation 
in  the  test  grips  shall  be  coated  with  EC  226  cement  (Minnesota 
Mining  &  Manufacturing  Con^argr)  and  allowed  to  dry  for  2h  hours 
before  loading® 

5*  Measurement  of  elongation  is  not  required.  No  gage  marks  shall  be 
made  on  the  specimen® 

6«  Specimens  shall  be  tested  at  constant  stresses  of  1,000,  2,000, 
it, 000  and/or  6,000  psi* 

7.  The  tests  shall  be  conducted  under  outside  exposure  conditions  in 

an  area  where  incident  sunlight  under  a  clear  sky  would  be  unobstructed 
for  at  least  60^  of  the  daylight  hovu’s.  Protection  from  ground  winds 
and  artificial  disturbances  is  desired. 

8®  Observations  shall  be  made  to  determine  the  time  for  .crazing  to  be 
initiated,  the  time  to  failure,  and  ary  unusual  behavior  during 
the  test. 
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Siwultansous  tssts  shall  b©  conducted,  on  the  laininate  under 
investigation  and  on  control  specimens  of  MIL-P-5h25  acrylic  sheet, 
lA  inch  nominal  thickness  monolitMc  (not  laminated),  to  establish 
a  basis  for  comparison. 

10.  Target  requirements  are  resistant  to  crazing  and  longevity  at  least 
as  good  as  the  MIL-P-5U25  monolithic  acrylic  control  specimens. 

E.  All  short  time  testing  shall  be  accoit^ilished  by  using  the  test  arrange¬ 
ment  and  conditions  in  accordance  with  ASTM-D-67it-lt8  except  that  para¬ 
graphs  1,  2,  3,  and  10  of  the  above  Long  Time  Tensile  Test  shall  be 
incorporated. 

F.  Packaging  -  All  sheet  material  shall  be  packaged  in  such  a  manner  that 
each  sheet,  regardless  of  size,  shall  be  wrapped  in  an  air  tight,  moisture 
proof  bag.  Included  in  each  bag  will  be  sufficient  desiccant  material  to 
insure  against  moisture  damage 

. '  ^ 

^  Valves  marked  with  asterisks  are  considered  as  tentative  valves 

since  they  were  arbitrarily  selected^ 

**  All  reference  to  MIL-P-6886  acrylic  is  to  be  considered  as  plexiglas 
lA  per  Specification  MIL-P-6886,  This  is  necessary  to  avoid  any 

difference  in  properties  which  may  exist  between  Incite  HC-201  and 
Plexiglas  lA. 
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Materials  3A  thick  2UST  sluminvun  alloy  plate  or  equivalent 
Anodize 


GRIP  -  PLASTIC 


PLASTIC  TENSILE  COUPON 


TENTATIVE  SPECIFICATION  FOR  TESTING  BOND  STRENGm  OF  TRANSPARENT  PLASHC 
ENCLOSURE  MTERIALS 
1.  Scope 

1.1  This  specification  describes  a  test  procedure  for  determining 
the  bond  strength,  based  on  compression  shear,  of  monolithic 
transparent  plastic  enclosure  materials. 

2o  Test  Specimen 

2.1  The  nominal  specimen  configuration  shall  be  as  shown  in 
Figure  1. 

3*  Apparatus 

3el  The  test  jig  used  shall  be  as  shown  in  Figures  2, to  7  (pages 
18  to  2ii)® 

3*2  All  tests  shall  be  conducted  on  a  standard  universal  testing 
machine  of  suitable  capacity. 

Procedure 

liel  Preparation  of  control  specimens 

liel.l  When  required,  five  control  specimens  shall  be  made  to 
conform  to  Figure  1,  and  shall  be  made  of  Plexiglas  II, 
Specification  MIL-P-5^25. 

liel.2  Soak  cemented  joints  shall  be  prepared  from  0.2^0  Plexi¬ 
glas  II  strips  milled  to  one  inch  widths.  Except  for  the 
areas  to  be  jointed,  the  strips  shall  be  masked  with 
cellophane  tape.  One  joint  half  shall  be  soaked  for  17 
minutes  in  acrylic  monomer  base  cement.  Specification  No. 
AN-C-litl  (catalyzed  with  O.ii  grams  per  pound  of  crystalline 
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benzoyl  peroxide)  and  placed  into  position  over  the 
remaining  joint  half*  'Ihe  two  joint  halves  shall  be  held 
together  with  a  pressure  of  approximately  5  psi  for  a 
minimvim  of  2h  hours.  Following  this  the  joints  are  to  be 
heat  cured  for  2h  hours  at  120  +  5*F  before  being  sawed 
and  milled  to  the  configuration  diown  in  Figxire  1. 
h»2  Preparation  of  Test  Specimens 

ii.2.1  Five  test  specimens  shall  be  prepared  from  1  inch  milled 
strips  of  the  material  under  consideration,  and  shall 
conform  to  Figure  1. 

li.2*2  >Jhen  applicable,  specimens  shall  be  prepared  in  a  manner 
similar  to  the  control  specimens  Par.  i|.,1.2.  For  other 
materials  joints  jdiall  be  made  with  suitable  cements  and 
in  accordance  with  the  manufacturer's  instructions, 
lie 3  Testing  of  Specimens 

ii.3«l  Specimens  shall  be  accurately  measured  and  then  tested  by 

using  the  test  jig  shown  in  Figure  2.  The  specimens  shall  be 

placed  in  the  jig,  and  the  testing  machine  started.  The  head 

travel  shall  be  adjusted  to  0.05  ^  inches  per  minutes,  and 
shall  be  maintained  until  the  specimen  ruptures. 

5*  Test  Data 

5®1  The  test  report  shall  include  the  following  datas 

5»1*1  Type  of  material  and  manufacturer *s  designation. 

5.1*2  The  cement  and  procedure  used  for  bonding  the  material. 

5.1.3  The  results  of  the  five  control  specimens  and  the  average  re¬ 

sult  expressed  in  pounds  per  square  inches  of  shear* 

5»l»if  The  results  of  the  five  specimens  under  consideration  and  the 
average  result  expressed  in  pounds  per  square  inch  of  shear. 
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SCALE  -  FULL  SIZE 


mr^s:  /.  material- 

COLO  Roneo  STEEL 

2. TWO  PIECES  PEQO. 

3.  DRILL  HOLES  ROR 
AN-520 -/0-2S  SCREWS 


FI&.5 
OETAfL  -3 
COMPRESSION 
SHEAR  TEST  J/E 
SCALE  -rULL  SITE 


DRILL  i  rAP  POR  ~  ~Z0  A^FT 


DRILL  FOR 

AN~4-/6  BOLTS 


DETAIL 


' 

2  ~ 


Xx 

e 


FI6.  6 

O^TAfL  S  4  S' 
COMPRSS^/ON 
SHSAR  r£ST  JIG- 
SCALB--  PULL 


MATERIAL  -  COLD  ROLLED  ^TL. 


F/G.  7 

DETAILS  ~6  - 
COMPRBSLSIO 
SHEAR  TEST 
SCALE  -  PULL 


GElMl^IiAL  i?OT.i-.o  OK  TEOT  imSULTS  . 

On  data  sheets  the  follewing  abbreviations  are  used  in  ''Source 
of  Data”  columns; 

B  -  Boeing  Airplane  Company 
D  Douglas  Aircraft  Company 
L  -  Lockheed  Aircraft  Corporation 
N.  A.  “  North  American  Aviation,  Inc* 

Nor.  -  Northrop  Aircraft,  Inc. 

The  10,000  hour  flexural  strength  valves  as  represented  on  the  long 
time  flexural  graphs  are  not  absolute  because  of  the  spread  of  , 
plotted  time  valves  at  $0,  60,  80  and  100^  of  ultimate  stress,  it  is 
possible  to  vary  the  slopes  of  the  straight  lines  thus  obtaining 
different  intersections  with  10,000  hour  ordinates* 


HEAT  OF  DISTORHON 


DATA 

NUMBER 

RESULTS  - 

•f 

MATERIAL 

SOURCE 

SPECIlffiNS 

IMIf^UW 

[  MINIMUM 

AVERAGE 

Flex  lA 

L 

1 

im 

165 

Flex  II 

L 

1 

•m 

«• 

202 

501hXP 

N.A. 

5 

221 

208.5 

21U.5 

5lp5XF 

N.A. 

5 

226.it 

221.9 

223.3 

L 

k 

221 

217 

219 

Sierracin  6II 

N.A. 

5»(1) 

I83c2 

17U.2 

179.2 

N.A. 

5*(2) 

179.6 

176.9 

177.8 

L 

10 

189 

179 

I8it 

MACA 

N.A. 

5 

275 

27i.it 

272.5 

Polymer  K 

N.A. 

0 

2it6 

HE5621 

N.A. 

_ _  .  _  A 

236 

*  (1)  No  annealing  -  96  hr.  at  77  +  2*F  and  $0  t  3%  relative  hiunidity. 


*  (2)  Before  Machining  -  1/2  hr*  at  275  i  2**F» 

After  Machining  -  annealed  23o5  hrs«  at  155  t  3*F  followed  by  96  hrs® 

at  77  1  2  *F  and  50  f  3%  relative  h\iinidity«  ; 
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FLEXURAL  DEFLECTION  VERSUS  TEI-ffERATURE 


TENSILE  ULUMTE 


SPECIl'IEN 

TEST 

DATA 

NO, 

RESULTS  -  PSI 

MATERIAL 

CONDITION 

TEf-IP.  "F 

SOURCE 

SPEC. 

MAHMUM 

MINIMUli 

AVERAGE 

Plex  lA 

Plain 

R.T. 

B 

2 

8,050 

5,160 

6,605 

Plex  II 

Plain 

R  0  To 

B 

2 

8,900 

8,770 

8,835 

Plain 

R.To 

L 

9 

9,960 

8,430 

9,580 

Plain 

1$ 

D 

3 

12,100 

11,600 

11,900 

Plain 

160 

D 

3 

8,U00 

7,500 

8,000 

Plain 

200 

D 

3 

U,700 

3,800 

4,200 

Plain 

230 

D 

3 

2,800 

2,400 

2,600 

^OlliXP 

Plain 

R«  To 

B 

3 

12,270 

10,370 

11,600 

Notched 

R.To 

B 

3 

8,730 

8,200 

8,500 

5105XP 

Plain 

R.T» 

B 

3 

11,680 

10,340 

11,090 

Plain 

RoTo 

L 

2 

10,li60 

10,250 

10,355 

Plain 

7^ 

D 

3 

12,200 

11,800 

11,900 

Plain 

160 

D 

3 

8,800 

8,300 

8,500 

Plain 

200 

D 

3 

7,500 

6,600 

6,900 

Plain 

230 

B  ' 

3 

2,600 

2,300 

2,500 

Notched 

R.T. 

B 

3 

9,290 

7,970 

8,720 

Sierracin 

Plain 

R.To 

B 

2 

10,710 

10,140 

10,420 

611 

Plain 

R.T. 

L 

15 

10,350 

8,900 

9,600 

Plain 

75 

D 

3 

10,300 

8,000 

8,900 

Plain 

160 

D 

3 

6,U00 

6 , 000 

6,200 

Plain 

200 

D 

3 

2,lt00 

2,100 

2,200 

Plain 

230 

D 

3 

1,800 

l',3G0 

1,500 

Notched 

R«  T. 

B 

3 

6,500 

5,960 

6,240 

General 

Plain 

R.T. 

B 

3 

17,850 

13,870 

16,790 

Analine 

Plain 

75 

D 

3 

18,000 

17,600 

17,900 

MACA 

Plain 

160 

D 

3 

114,1^00 

14,000 

14,200 

Plain 

200 

D 

3 

11,000 

10,600 

10,800 

Plain 

230 

D 

3 

8,300 

8,100 

8,200 

Notched 

R.T. 

B 

3 

13,320 

12,000 

12,450 

Polymer  K 

Plain 

R.T. 

B 

3 

12,200 

11,530 

11,980 

Notched 

R.T. 

B 

3 

10,700 

8,520 

9,270 

HE5621 

Plain 

R.  Ta 

B 

1 

11,540 

Notched 

R.Ta 

B 

3 

10,430 

10,270 

10,330 

TENSILE  ELONGATION 


MATERIAL 

Plex  lA 
Plex  II 
5105XP 
Sierracin 
6ll 


MATERIAL 

Plex  lA 
Plex  II 
501i*XP 
51P5XP 
Sierracln 
6ll 
MACA 

Polymer  K 
HE5621 


MATERIAL 

Plex  lA 
Plex  n 
5105XP 

Sierracin  6li 
MACA 


MTA  SOURCE:  LOCKHEED 


SPECIMEN 

TEST 

NUIffiER 

RESULTS  - 

% 

CONDITION 

TEMP.  "F 

SPECIMENS 

MAXIMUM 

MIKEviUIi 

AVERAGE 

Plain 

R.T. 

1 

^*5 

Plain 

R.T. 

9 

U.8 

^»0 

Plain 

R.f. 

2 

U.6 

4.5 

Plain 

R.T. 

15 

3.5 

2.5 

3.0 

TENSII^  MODULUS 

DATA  SOURCBi 

K®INQ 

SPECIMEN 

TEST 

NUMBER 

RESULTS  -  PSI  X 

10^ 

CONDITION 

TEMP. 

SPECIMENS^ 

MAXIMUM 

MINIMUM 

AVERAGE 

Plain 

R.T. 

2 

350 

Plain 

R.T, 

2 

421.75 

Plain 

R»T. 

3 

612 

565 

58? 

Plain 

R.T. 

3 

5U 

512 

525 

Plain 

R.T. 

3 

56? 

550 

55? 

Plain 

R.T. 

3 

m 

826 

834 

Plain 

R.T. 

3 

hn 

465 

Notched 

R.T. 

3 

i{8l 

hSh 

4?o 

Plain 

H.  T. 

3 

500 

ii85 

492 

Notched 

R.T. 

3 

50? 

50? 

50? 

BARCOL  HARDNESS 

TEST 

TEMP.  “F 

DATA 

SOURCE 

NUMBER 

SPECIMENS 

MAXIMUM 

MINIMUM 

AVERAGE 

R.T. 

L 

38 

34 

36 

R.T. 

L 

9 

50 

42 

46 

R.T. 

L 

2 

«■) 

48 

R.T. 

L 

15 

46 

42 

44 

R.T. 

D 

70 

6o 

65 

MATERIAL 
Plex  I A 

Plex  II 

501UXP 


S1Q$1V 


Sierracin 

611 

MACA 


Polymer  K 


M;  J  : 


V»RK  TO  BREAK  if 
DATA  SOURCES  BOEING 


SPECIMEN 

TEST 

NUMBER 

RESULTS 

-  IN.LBS./IN.WDTH 

CONDITION 

TEMP.  ‘F 

SPECIMENS 

MAXIIiUM 

MINIMUM 

AVERAGE 

Plain 

-6^ 

2 

22.55 

21.50 

22.02 

Plain 

R.T. 

3 

56.80 

31.20 

143.  is2 

Notched 

-65 

3 

12.50 

6.itls 

8.71 

Notched 

R.T. 

$ 

9J47 

)4.50 

6.28 

Plain 

-65 

3 

27.75 

25.00 

26.I42 

Plain 

R.T. 

3 

72.00 

58.90 

67.140 

Notched 

-65 

3 

7.65 

7.15 

7.33 

Notched 

R.T. 

)4 

10.16 

7.50 

8.142 

Plain 

-65 

3 

33.8 

27.8 

30.9 

Plain 

R.T. 

3 

h$.l 

it2.0 

I4I4.O 

Plain 

120 

3 

U7.3 

33.5 

140.0 

Notched 

-65 

3 

10.6 

7.6 

9.I4 

Notched 

R.T. 

3 

10.8 

9.is 

10.1 

Notched 

120 

3 

11.5 

10.2 

11.2 

Plain 

-65 

3 

32.6 

30.  is 

31.7 

Plain 

R.T. 

3 

67.6 

57.3 

61s.2 

Plain 

120 

3 

82.1 

is8.5 

62.0 

Notched 

-65 

3 

11. 

8.5 

9.5 

Notched 

R.T. 

3 

13.7 

10.8 

12.5 

Notched 

120 

3 

17.  U 

li;.6 

I6.I4 

Plain 

-65 

3 

17.5 

13.5 

15.9 

Plain 

R.T. 

3 

ia.5 

23.8 

31.1 

Plain 

120 

3 

57.8 

Uo5 

38.8 

I46.6 

Notched 

-65 

3 

2.8 

3.7 

Notched 

R.  T  . 

3 

8.6 

2.1 

5.3 

Notched 

120 

3 

9.9 

It.O 

7.14 

Plain 

-65 

3 

38.0 

3it.is 

36.3 

Plain 

R.T. 

3 

ItO.8 

39.0 

I4O.O 

Plain 

120 

3 

hO.h 

37.8 

38.7 

Notched 

-65 

2 

■  13.2 

9.6 

II.I4 

Notched 

R.T. 

3 

13.2 

11.8 

12.5 

Notched 

’  120 

3 

16.  U 

iii.3 

15.5 

Plain 

-65 

3 

29.70 

17.70 

2li.80 

Plain 

R.T. 

2 

75.70 

6is.50 

70.10 

Plain 

120 

3 

if.3.60 

ijO.  80 

I42.OO 

Notched 

-65 

3 

is.  30 

is.  00 

14.20 

Notched 

R*T» 

3 

11.80 

10,70 

ll.UO 

~  3O-- 
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WORK  TO  BREAK  (Continued) 


SPECIMEN 

TEST 

MATERIAL 

CONDITION 

TEIiP.  ' 

HE5621 

Plain 

-65 

Plain 

R.T. 

Plain 

120 

Notched 

—65 

Notched 

R»T* 

Notched 

120 

*  Area  Under  Load-Deflection  Curve 


NUi'IBER 

RESULTS 

-  IN.LBS./IN.WIDTH 

SPECIi^SNS 

MAXII-'iUM 

MINIMUM  . 

AVERAGE 

3 

33.00 

25.80 

2?,6o 

3 

50.00 

U.io 

l*iA.50 

3 

87.10 

hh,20 

59.10 

3 

6.20 

5.20 

5.50 

3 

21.60 

18.20 

20,20 

3 

17.70 

15.20 

I6.it0 

FLRXIRAL  STRENGTH 


SPEGIIffiN 

TEST 

DATA 

NO. 

FLEIOJRAL  ULHMATE  -  PSI 

MATICRIAL 

COIDinON 

TEIiP.  “F 

SOURCE 

SPEC. 

maximum 

MINIMUM 

AVERAGE 

Plex  lA 

Plain 

-65 

B 

5 

18,750 

17,570 

18,020 

Plain 

R.T. 

B 

5 

16,100 

1U,200 

15,00)4 

Plain 

120 

B 

1 

« 

11,900 

Notched 

-65 

B 

5 

12,990 

9,200 

11,000 

Notched 

R*T« 

B 

9 

11,950 

5,970 

8,780 

Notched 

120 

B 

2 

7,520 

6,110 

6,815 

Plex  II 

Plain 

-65 

B 

3 

21,000 

20,200 

20,ii60 

Plain 

R.T. 

B 

3 

18,600 

17,820 

18,170 

Plain 

■  R.T. 

L 

8 

18,300 

15,300 

17,100 

Plain 

R.T. 

C 

c 

20,100 

Notched 

-65 

B 

3 

10,ii30 

10,110 

10,290 

Notched 

R.T. 

L 

10,000 

7,i|00 

8,800 

Notched 

R.T. 

D 

” 

- 

19,600 

$01hl? 

Plain 

-65 

B 

3 

23,250 

21,500 

22,600 

Plain 

R.T. 

B 

3 

19,500 

19,110 

19,300 

Plain 

120 

B 

3 

17,li00 

15,300 

16,200 

Notched 

-65 

B 

3 

13,100 

11,260 

12,Ji00 

Notched 

R.T. 

B 

3 

10,730 

9,970 

10,300 

Notched 

120 

B 

3 

9,630 

9,21^0 

9,500 

5105XP 

Plain 

-65 

B 

3 

21,825 

21,300 

21,U90 

Plain 

-60 

L 

2 

22,890 

20,500 

21,700 

Plain 

R.T. 

B 

3 

19,500 

18,700 

19,210 

Plain 

R.T. 

L 

2 

17,520 

17,U60 

17,)490 

Plain 

R.T. 

D 

(Hfi 

2)4,500 

Plain 

120 

B 

3 

17,100 

15,580 

16,1);0 

Plain 

120 

L 

2 

13,760 

13,370 

13,560 

Notched 

-65 

B 

3 

12,155 

io,ia7 

11,090 

Notched 

-60 

L 

2 

lit,  017 

12,980 

13,500 

Notched 

R.T. 

B 

3 

10,970 

9,900 

10,510 

Notched 

R.T. 

L 

2 

9,350 

9,000 

9,180 

Notched 

R.T. 

D 

1)1,500 

Notched 

120 

B 

3 

10,680 

9,955 

10,395 

Notched 

120 

L 

2 

9,350 

9,260 

9,300 

Sierracin 

Plain 

-65 

B 

3 

15,160 

13,100 

l)i,l6o 

611 

Plain 

R.T. 

B 

3 

17,380 

1U,395 

15,620 

Plain 

R.T. 

L 

10 

20,600 

ll;,U00 

17,000 

Plain 

R.T. 

D 

18,600 

Plain 

120 

B 

3 

13,750 

12,900 

13,250 

Notched 

-65 

B 

3 

7,  >450 

5,980 

6,7)40 

Notched 

R.T. 

B 

3 

8,680 

ii,360 

6,560 

Notched 

R.T. 

L 

6 

10,100 

8,380 

9,.’400 

Notched 

R.T. 

D 

1)4,000 

Notched 

120 

B 

3 

7,360 

U,7liii 

6,280 

-38  - 


KLivvLI  1{ AJ.,  nTltiCi'iirr! I  (Continuor] ) 


SPECIMEN 

TEST 

DATA 

KO. 

ELE):U 

:l\h  ultt; 

'iATE  -  PS I 

MTKRIAL 

COmiTION 

TEMP.  '*F 

SOURCE 

SPEC. 

MAHi’IUM 

I'ii  iir.uiM 

AVEP.ASE 

MACA 

Plain 

-65 

B 

3 

26,600 

25,Uoo 

26,070 

Plain 

R.T. 

B 

3 

2li,050, 

22,800 

23,320 

Plain 

R.T. 

D 

•• 

- 

25,600 

Plain 

120 

•  B 

3 

22,000 

21,500 

21,800 

Notched 

.65 

B 

2 

1^,900 

li4,000 

114,950 

Notched 

Re  T  e 

B 

3 

13,a60 

12,690 

13,070 

Notched 

R.T. 

D 

- 

OB 

18,600 

Notched 

120 

B 

3 

16,I1L0 

13,lt20 

114,780 

Polymer  jK 

Plain 

-65 

B 

3 

21,770 

15,620 

19,2140 

Plain 

R.T. 

B 

2 

21,680 

20,790 

21,215 

Plain 

120 

B 

3 

,  17,100 

16,900 

17,010 

Notched 

-65 

B 

3 

8,1460 

8,300 

8,350 

Notched 

R.T. 

B 

3 

10,610 

10,ii20 

10,530 

Notched 

120 

B 

3 

9,390 

8,760 

9,1140 

HE5621 

Plain 

-65 

B 

3 

22,900 

21,000 

22,200 

Plain 

R.T. 

B 

3 

18,860 

18,280 

18,560 

Plain 

120 

B 

3 

18,630 

16,660 

17,5iiO 

Notched 

-65 

B 

3 

10,030 

9,380 

9,620 

Notched 

R.Te 

B 

3 

m,o3o 

13,000 

13,600 

Notched 

120 

B 

3 

12,200 

11,860 

12,060 

SPECIMEN 

FLEXURAL 

SOURCES 

TEST 

MODULUS 

BOEING 

NUI'IDER 

RESULTS  -  PSI  X 

10^ 

MAT1-]RTAL 

CONJTTION 

TFi-IP.  *F 

SPECIMENS 

MAXIMUM 

MlfPLHUM 

A'/ICRAOS 

Plex  I A 

.  Plain 

-65 

2 

m 

706 

Plain 

R.T» 

5 

tm 

I133.3 

Plex  II 

Plain 

-65  " 

3 

m. 

780 

Plain 

RcT. 

3 

as 

hhl 

^OliOP 

Plain 

-65 

3 

887 

83U 

860 

Plain 

R«To 

3 

607 

3I16 

37li 

Plain  ^ 

120 

3 

ii87 

khl 

165 

510^XP 

Plain 

—65 

3 

852 

7k0 

79h 

Plain. 

RoTe 

3 

315 

30ii 

309.5 

Plain 

120  . 

3 

Ii27»3 

1433 

Sierraoin 

Plain 

i»65 

3 

7Sk- 

718 

738 

Plain 

JiXo  1  0 

3 

318 

'  30ie3 

512 

.  Plain 

120 

3 

330 

333*9 

31a 

MACA 

Plain 

=65 

3 

1032 

i0ii3 

1050 

Plain 

RcT., 

3 

83le3 

782 

803 

Plain 

120 

3 

691 

685*3 

692 

Polymer  iK 

Plain 

0065 

3 

923 

Tia 

8o!i 

! 

Plain 

RoTc 

2 

Ii08 

1437 

Plain 

120 

3 

iaii 

396  ■ 

1407 

Notched 

C?D  65 

3 

865 

83? 

8it8 

Notched 

RoTc 

3 

S3k 

52if. 

328 

Notched 

120 

3 

k91 

ii85 

li92 

. Plain 

«=65 

3 

900 

637 

872 

Plain 

RoTo 

3 

1^72 

Ii31 

1438 

Plain 

120 

3 

382 

212 

3I42 

Notched 

—65 

3 

830 

816 

829 

Notched 

R.T« 

3 

1^88 

1^82 

I485 

Notched 

120 

3 

308 

Ii39 

I466 

DATA  SOURCli:  LOCKlIliliD 


MATERIAL 

Plex  lA 

Plex  II 

5105XP 

Sierracin 

611 

MACA 


SPECIMEN 

COiroiTION 


Plain 

Notched 

Pliin 

Notched 

Plain 

Notched 

Plain 

Notched 

Plain 

Notched 

Plain 

Notched 


TEST 
TEMP.  *F 


R.T. 

R.T. 

R.T. 

R.T. 

R.T. 

R.T. 

R.T. 

R.T. 

R«  Te 
R.T® 
-60 
-6o 


NUMBER  RESULTS  -  KT. LBS. /I NCR 

SPECIMENS  MAXIJ^M  MINIMUM  AVERAGE 


3 

3 

5 

5 

5 

6 

5 

5 

5 

$ 


Uk 

l.h 

1.70 

1.53 

1.61 

1.01 

.98 

.99 

1.53 

1.29 

l.Ul 

.39 

M 

1.77 

.8? 

1.18 

.27 

.18 

.22 

1.53 

1.33 

l.h$ 

,63 

.57 

.62 

1.6? 

1.50 

1.55 

1.50 

.33 

.81 

Tenpera 


Ten^jerature  (F) 


r 


Unloa'lod  At  iioom  Tonporaturf; 
Source:  North  Ajnerican 


fO 


Creep  {%) 


■»  i;3  » 


ij 


WKAIHERING  UNDER  LOAD  -  TEllOll.E 


SOURCE:  LOCKHEED 


MATERIAL 

STRESS 

TIME  TO  CRAZE 

.  TOE  TO  FAIL 

Flex  lA 

2000 

1:  days 

55  days 

liOOO 

6  hours 

3  days 

Flex  II 

2000 

39  days 

'  155  days 

1:000 

1:  days 

12-1/2  days 

hooo 

3  days 

15  days 

1:000 

l6  days 

28  days 

Uooo 

7  days 

13  days 

6000 

1-1/2  hours 

i:-l/2  days 

6000 

S!-3/li  hours 

1-1/1:  days 

5105XF  ■ 

2000 

>92  days 

>92  days 

2000 

>92  days 

>92  days 

1:000 

8  days 

1:5  days 

1:000 

8  days 

1:5  days 

6000 

20  hours 

6  days 

6000 

20  hours 

6  days 

Sierracin  6ll 

2000 

>11:5  days 

>11:5  days 

2000 

>11:5  days 

>11:5  days 

1:000 

>11:5  days 

>11:5  days 

1:000 

>11:5  days 

>11:5  days 

1:000 

>  93  days 

>  93  days 

1:000 

>18  days 

>18  days 

1:000 

>18  days 

> 18  days 

6000 

No  Graze 

1:2  days 

J 


MOHTHS  TO  FAILURE 


MATERIAL 
Plex  II 


5105XP 


Sierracin 

611 


MACA 


V/ICATHERTNG  UNOKR  LOAD  -  Fi.KXL'.RAL 
SOURCE:  DOUGLAS 


STRESS  -  PSI  EXPOSURE 


TIME  TO  C:  AZE 


TIME  TO  FAIL 


10,000 

Indoor 

52  minutes 

15,000 

Indoor 

39  minutes 

3,000 

Roof 

613  hours 

5,000 

Roof 

12ii  hours 

7,500 

Roof 

6  hours 

10,000 

Roof 

ii5  minutes 

>110h  hours 
890  hours 
>627  hours 
32k  hours 
28  hours 
23  hours 


10,000 

10,000 

3,000 

5,000 

7,500 

10,000 

7,000 

10,000 

15,000 

3,000 

5,000 

7,500 

10,000 


10,000 

15,000 

3,000 

5,000 

7,500 

10,000 


Indoor 

78  minutes 

Indoor 

60  minutes 

Roof 

>63?  hours 

Roof 

>600  hours 

Roof 

29  hours 

Roof 

1«75  hours 

Indoor 

No  Graze 

Indoor 

No  Craze 

Indoor 

No  Graze 

Roof 

No  Craze 

Roof 

No  Graze 

Roof 

No  Craze 

Roof 

No  Craze 

Indoor 

115  minutes 

Indoor 

89  minutes 

Roof 

>637  hours 

Roof 

>600  hours 

Roof 

ill  8  hours 

Roof 

7»5  hours 

>110h  hours 
2liO  hours 
>637  hours 
>600  hours 
-  182  hours 
23  hours 

2?5  hours 

ii  to  >  llOL  hours 
27  to  53  minutes 
>637  hours 
>■  600  hours 
lli,5  to  >3811  hours 
«5  to  70  hours 

>110ii  hours 
127  hours 
>637  hours 
>  600  hours 
206  to  >  38U  hours 
32  hours 


“ii6" 


LONO  TIME  FLEXURAL  TEST 
PLEX  lA  -  1/U  INCH  THICKNESS 

Data  Soiirces  Boeing 


Specimen 

Stress 

Number 

Condition 

(PSI) 

1089 

Plain 

7000 

1090 

Plain 

7000 

1091 

Plain 

7000 

1085 

Plain 

9000 

1086 

Plain 

9000 

1087 

Plain 

9000 

1088 

Plain 

9000 

1081 

Plain 

11000 

1082 

Plain 

11000 

1083 

Plain 

11000 

1081i 

Plain 

,  11000 

1069 

Notched 

hooo 

1070 

Notched 

hooo 

1071 

Notched 

hooo 

1065 

Notched 

5000 

1066 

Notched 

5000 

1067 

Notched 

5000 

1068 

Notched 

5000 

Time  to  Craze 
teours) 

III  *1  III  I  n  ni  111111 


No  Craze 
No  Craze 
No  Craze 
No  Craze 

No  Craze 
No  Craze 


lkho$* 

lhkoS» 


Time  to  Fail 
(Hours) 

>ia28.^ 

>la28.5 

>la28.5 

71.5 

70 

70 

9h 

U®25 
5.00 
6«  00 
6»00 

>ia28*5 

>ia28.5 

>lil28.5 

>lao8<,75 

>14108.75 

182U 

>ia08.75 


Flexural  Control  Static  Ultimate  Str 


Condition 


Notched 


*  Lightly  Crazed 


LONG  TIMS  FLEXURAL  TEST 
FLEX  II 

Data  Source:  Boeing 


Matl. 

Specimen 

Stress 

Time  to  Craze 

Time  to  Fail 

Thick. 

Number 

Condition 

.  (PSI) 

(Hours ) 

(Hours) 

lA 

997  “ 

Plain 

5,000 

3576 

>7656 

lA 

998 

Plain 

5,000 

3576  «- 

>7656 

lA 

999 

Plain 

5,000 

3576 

>7656 

l/h 

1000 

Plain 

,  5,000 

3576  * 

.  >7656 

lA 

1001 

Plain 

7,000 

it7  «■ 

>7656 

lA 

1002 

Plain 

7,000 

it7 

>7656 

i/k 

1003 

Plain 

7,000 

it? 

>7656 

lA 

lOOii 

Plain 

7,000 

it7  * 

>7656 

lA 

1005 

Plain 

9,000 

hi 

>7656 

lA 

1006 

Plain 

9,000 

lt7  «-»• 

>7656 

lA 

1007 

Plain 

9,000 

it7 

5296 

lA 

1008 

Plain 

9,000 

it7 

>7656 

lA 

1011 

Plain 

11,000 

it7  ■»- 

399 

l/h 

1012 

Plain 

11,000 

ii7  rr» 

879 

lA 

981 

Notched 

3,000 

No  Craze 

>710lt 

lA 

982 

Notched 

3,000 

No  Craze 

>710it 

lA 

983 

Notched 

3,000 

No  Craze 

>710it 

i/h 

98U 

Notched 

3,000 

No  Graze 

>710it 

i/h 

985 

Notched 

lijOOO 

No  Craze 

>7656 

i/h 

986 

Notched 

it,  000 

No  Craze 

>7656 

i/h 

987 

Notched 

it, 000 

No  Craze 

>7656 

lA 

988 

Notched 

it,  000 

No  Craze 

>7656 

lA 

989 

Notched 

5,000 

2520  «■ 

>7656 

lA 

991 

Notched 

5,000 

3576  » 

>7656 

lA 

992 

Notched 

5,000 

3576 

>7656 

lA 

993 

Notched 

6,000 

216  ^ 

1800 

i/h 

99h 

Notched 

6,000 

216  « 

2112 

i/h 

995 

Notched 

6,000 

216 

13ltit 

l/h 

996 

Notched 

6,000 

216  « 

600 

3A 

957 

Plain 

5,000 

ii032  * 

>8112 

3A 

958 

Plain 

5,000 

it032  * 

>8112 

3A 

959 

Plain 

5,000 

223it  » 

>7608 

3A 

960 

Plain 

5,000 

3528  # 

>7608 

3A 

961 

Plain 

7,000 

351 

>8136 

3A 

962 

Plain 

7,000 

351 

>8136 

^  i+a 


LONG  TIl^  FLEXURAL  TEST 
PLEX  II  (Continued) 
Data  Source:  Boeing 


Hatl. 

Specirien 

Thick. 

Number 

Condition 

3A 

963 

Plain 

3A 

96k 

Plain 

3A 

96$ 

Plain 

3A 

966 

Plain 

9J4I 

Notched 

3A 

9h2 

Notched 

3A 

9h3 

Notched 

3/h 

9hk 

Notched 

3A 

9k$ 

Notched 

3A 

9h6 

Notched 

3A 

9U7 

Notched 

3A 

9ii8 

Notched 

3A 

9li9 

Notched 

950 

Notched 

951 

Notched 

3/h 

952' 

Notched 

Stress 

Time  to  Craze 

Time  to 

(PSI) 

(Hours ) 

(Hour; 

7,000 

ii8.25  ** 

>7608 

7,000 

U8.25  «««■ 

>7608 

9,000 

185.5 

>7800 

9,000 

185.5  ^ 

6621; 

3,000 

No  Craze 

>8136 

3,000 

No  Craze 

>8136 

3,000 

No  Craze 

>7608 

3,000 

No  Craze 

>7608 

4000 

3552  ^ 

>7608 

li,000 

h0$6  » 

>8136 

hpOOO 

U056  * 

>8136 

h,Q0Q 

h272  « 

>7296 

5,000 

2h2ii  * 

>7800 

5,000 

2232  «■ 

>7608 

5,000 

1920  * 

>7296 

5,000 

1920  ^ 

206I1 

Flexural  Control  Static  Ultimate  Stress  (PSI] 


Noo 


Condition 

Specs. 

Max. 

Min. 

Average 

.25  Plain 

3 

18,600 

17,800 

18,200 

.25  Notched 

3 

9,350 

8,100 

8,750 

.75  Plain 

3 

16,100 

15,800 

15,900 

•75  Notched 

3 

10,500 

8,i;00 

9,500 

^  Lightly  Crazed 
Heavily  Crazed 


LONG  TIME  FLEXURAL  TEST 


510$  XP  MATERIAL  -  lA  INCH  THICKNESS 


Data  Source: 

Boeing 

Specimen 

Stress 

Time  to  Craze 

Time  to  Fail 

Number 

Condition 

(PSI) 

(Hours) 

(Hours)  , 

lias 

Plain 

9,200 

23  Hours 

2h2h  -  2U7'2 

llil9 

Plain 

9,200 

27  1/2  Hr So 

1511  -  153U 

1U20 

Plain 

9,200 

3  Hours 

!i536  -  li5U0 

lh2h 

Plain 

11,100 

3  Hours 

392  Hours 

lh2S 

Plain 

11,100 

3  Hours 

291  Hours 

lii26 

Plain 

11,100 

3  Hours 

286  Hours 

lii30 

Plain 

13,000 

l.t7  Hours 

10.7  Hours 

lk3l 

Plain 

13,000 

1®7  Hours 

15  -  23  Hours 

lh32 

Plain 

13,000 

280  Hours 

15  “  23  Hours 

lk36 

Plain 

lh,800 

23  Min* 

61  Min. 

lii37 

Plain 

111,  800 

25  Min. 

lli38 

Plain 

lli,800 

30  Min* 

107  Min. 

1U21 

Notched 

5,000 

No  Craze 

>6506 

lli22 

Notched 

5,000 

No  Craze 

>6500 

llt23 

Notched 

5,000 

No  Craze 

>6500 

lli27 

Notched 

6,000 

No  Craze 

>6500 

1U28 

Notched 

6,000 

5326 

>6500 

lh29 

Notched 

6,000 

5326 

>6500 

lh33 

Notched 

7,000 

2 8® 5  Hours 

5061;  -  5088 

Notched 

7,000 

52  e 7  Hours 

2928  -  2935 

lli35 

Notched 

7,000 

52  8 7  Hours 

Hours 

lli39 

Notched 

8,000 

No  Craze 

3  Min. 

Ihho 

Notched 

8,000 

3  Min. 

lum 

Notched 

8,000 

•m 

Flexural  Control 

Static 

Ultimate  Stress  (PSi) 

Condition 

No. 

Specs. 

Max. 

Min. 

Average 

Plain 

3 

19,500 

18,700 

19,200 

Notched 

3 

11,000 

9,900 

10,500 

NOTE!  FINAL  RESULTS 


-!50- 


LONG  TIME  FLEXURAL  TEST 


S6ll  MTERIAL  -  lA  INCH  THICKNESS 
Data  Source:  Boeing 


Specimen 

Stress 

Time  to  Fail 

Number 

Condition 

(PSI) 

(Hours) 

11:60 

Plain 

8,300 

51:  -  117 

lii6l 

Plain 

8,300 

36.5 

11:62 

Plain 

8,300 

~  2.7 

m66 

Plain 

10,000 

1.6 

11:67 

Plain 

10,000 

1.0 

11:68 

Plain 

10,000 

3.0 

11:72 

Plain 

6,000 

>65od 

11:73 

Plain 

6,000 

>6500 

11:71: 

Plain 

6,000 

>6500  . 

11:78 

Plain 

7,000 

77  -  Ha 

11:79 

Plain 

7,000 

5008^5112 

11:80 

Plain 

7,000 

21:5  -  309 

11:63 

Notched 

i:,200 

11.2 

11:61: 

Notched 

i:,200 

1:.7 

1U65 

Notched 

ij,200 

21-21: 

11:69 

Notched 

5,000 

6.2 

11:70 

Notched 

5,000 

13 

11:71 

Notched 

5,000 

30 

11:75 

Notched 

5,800 

20  Sec. 

11:76 

Notched 

5,800 

98  Min. 

11:77 

Notched 

5,800 

0 

11:81 

Notched 

3,1:00 

3:870  -  1:896 

11:82 

Notched 

3,1:00 

>l5ob 

11:95 

Notched 

3,1:00 

102-l66Hrs. 

Note: 

No  Crazing  was  observed 

Flexural  Control 

Static 

Ultimate  Stress  (PSi) 

Condition 

No. 

Specs. 

Max. 

Min. 

Average 

Plain 

3 

17,1:00 

ll:,l(00 

i5,6oo 

Notched 

3 

8,700 

1:,1:00 

6,600 

NOTE:  FINAL  RESULTS 


LONG  TIME  FLE:CURAL  TEST 


S-212  -  3/h  INCH  THICKNESS 
Data  Source:  Boeing 


Specimen 

Stress 

Time  to  Fail 

Nvunber 

Condition 

(PSI) 

(Hours ) 

633 

Plain 

5,000 

>8136 

63U 

Plain 

5,000 

>8136 

637 

Plain 

7,000 

3l*3li 

638 

Plain 

7,000 

6936 

6ia 

Plain 

9,000 

352.8 

61^2 

Plain 

9,000 

161.75 

61^ 

Notched 

2,500 

>7800 

616 

Notched 

2,500 

>7800 

601 

Notched 

3,000 

>8136 

602 

Notched 

3,000  • 

>8136 

617 

Notched 

3,500 

305.25 

618 

Notched 

3,500 

377.25 

603 

Notched 

k»ooo 

3.25 

6lli 

Notched 

hs>000 

5.25 

Note: 

No  Crazing  was  observed 

Flexural  Control  Static  Ultimate  Stress  (PSE) 

Condition 

No. 

Specs. 

,Max« 

Mln» 

Average 

Plain 

6 

17,U0O 

10,800 

ihihoo 

Notched 

6,100 

5,200 

5,600 

BZ 


LONG  TIME  FLEXURAL  TEST 


S-212-A  -  3A  inch  thickness 
Data  Sources  Boeing 


Specimen 

Stress 

Hme  to  Fail 

Number 

Condition 

(PSI) 

(Hours) 

693 

Plain 

5,000 

>5336 

691; 

Plain 

5,000 

>2568 

697 

Plain 

7,000 

1*32 

698 

Plain 

7,000 

1*32 

701 

Plain 

9,000 

1*3 

702 

Plain 

9,000 

1*1.5 

669 

Notched 

3,000 

7056 

670 

Notched 

3,000 

2232 

673 

Notched 

iijOOO 

192 

671* 

Notched 

i*s000 

216.75  . 

679 

Notched 

5,000 

ia.5 

Notes  No  Crazing  was 

obseirved 

Flexural  Control  Static  Ultimate  Stress  (PSI) 


Condition 

No. 

Specs. 

Max. 

Min. 

Average 

Plain 

k 

19,000 

16,900 

18,000 

Plain 

h 

11,200 

8,800 

9,700 

53 


LONG  TIME  FLEXURAL  TEST 


s-53 


Data  Source: 

Boeing 

Matl. 

Specimen 

Stress 

Time  to  Craze 

Time  to  Fail 

Thick, 

Number 

Condition 

(PSI) 

(Hours) 

(Hours ) 

1/h 

916 

Plain 

9,000 

28.25  ^ 

>1:130.5 

1/h 

917 

Plain 

9,000 

28.25  * 

>la30.5 

1/U 

918 

Plain 

9,000 

28.25  » 

>U130.5 

l/h 

913 

Plain 

11,000 

28.25 

250 

1/h 

9lU 

Plain 

11,000 

28.25 

250 

1/h 

915 

Plain 

11,000 

28.25 

290 

1/h 

892 

Notched 

5,000 

No  Craze 

>lao7.75 

1/h 

893 

Notched 

5,000 

3100.5  * 

>lao7.75 

1/h 

889 

Notched 

6,000 

No  Graze 

>iao8.25 

1/h 

890 

Notched 

6,000 

3101  « 

13hh 

1/h 

891 

Notched 

6 , 000 

No  Craze 

>iao8.25 

3/h 

821 

Notched 

3,000 

No  Craze 

>8112 

3A 

822 

Notched 

3,000 

No  Craze 

>8112 

3A 

825 

Notched 

li,000 

No  Craze 

>8112 

3A 

826 

Note  hed 

li,000 

No  Craze 

>8112 

3A 

829 

Notched 

5,000 

No  Craze 

"  2016 

3A 

830 

Notched 

5,000 

No  Craze 

>7600 

Flexural  Control 

Static  Ultimate  Stress  (PSI) 

Matl. 

No. 

Thick. 

Condition 

3p6C  s • 

Max. 

Min. 

Average 

.25 

Plain 

1: 

19,800 

A,  500 

18,000 

.25 

Notched 

h 

10,200 

8,100 

9,500 

.75 

Plain 

h 

17,500 

16,300 

16,900 

.75 

Notched 

9,800 

8,100 

9,000 

^  Lightly  Crazed 


LONG  TIME  FLEXURAL  TEST 
MACA  MATERIAL  ~  l/h  INCH  THICKNESS 
Data  Sources  Boeing 


Specimen 

Stress 

Time  to  Craze 

Time  to  Fail 

Number 

Condition 

(PSI) 

(Hours) 

(Hours) 

1519 

Plain 

11,000 

23.5  Hrs. 

61i25  -  61i50 

1520 

Plain 

11,000 

23.5  Hrs. 

6!i25  -  6)450 

1521 

Plain 

11,000 

23*6  Hrs. 

1+966,  •-  5038 

1525 

Plain 

lit,  000 

52  Min. 

221  Hrs. 

1526 

Plain 

ll+,000 

21  Hrs. 

1+86-502  Hrs. 

1527 

Plain 

ll+,000 

-  21  Hrs. 

I98-21U  Hrs. 

1531 

Plain 

16,300 

18  Min. 

1532 

Plain 

16,300 

1  Hr.  7  ffi-n. 

31-1+7  Hrs. 

1533 

Plain 

16,300 

1  Hr.  10  Min. 

30,6  Hrs. 

1537 

Plain 

18,600 

35  Min. 

1538 

Plain 

18,600 

50  Min. 

7-23  Hrs. 

1539 

Plain 

18,600 

50  Min. 

7-23  Hrs. 

1522 

Notched 

6,500 

No  Graze 

>.i^5oo 

1523 

Notched 

6,500 

No  Craze 

>6500 

152U 

Notched 

6,500 

No  Craze 

>6500 

1528 

Notched 

7,900 

.  5011]  . 

>6500 

1529 

Notched 

7,900 

No  Craze 

1+82)4-1+81+8 

1530 

Notched 

7,900 

No  Craze 

>65bb 

1531+ 

Notched 

9,200 

No  Craze 

293  Hrs. 

1535 

Notched 

9,200 

No  Craze 

I26-I66  Hrs. 

1536 

Notched 

9,200 

No  Craze 

125-166  Hrs. 

151+0 

Notched 

10,500 

No  Craze 

7-23  Hrs. 

151a 

Notched 

10,500 

'  No  Craze 

7-23  Hrs. 

151+2 

Notched 

10,500 

No  Craze 

55-119  Hrs. 

Flexural 

Control  Static 

Ultimate  Stress  (PSl) 

No. 

Condition 

Specs* 

Max. 

Mn.  Average 

Plain 

3 

2i+,000 

22,800  23,300 

Notched 

3 

13,500 

12,700  13,100 

NOTE:  FINAL  RESULTS 


Ivlaterial 

Thickness 

lA 


LO?v^G  FLE^grRAL  TBgjT 

FOLYiviER  "K'' 

DATA  SOURCE:  BOEIITG’ 


Specimen 

Number 

Condition 

1670 

Plain 

1671 

Plain 

1672 

Plain 

1676 

Plain 

1677 

Plain 

1678 

Plain 

1682 

Plain 

1683 

Plain 

16  8U 

Plain 

1688 

Plain 

1689 

Plain 

1690 

Plain 

1667 

Notched 

1668 

Notched 

1669 

Notched 

1673 

Notched 

167U 

Notched 

1675 

Notched 

1679 

Notched 

1680 

Notched 

1681 

Notched 

1685 

Notched 

1686 

Notched 

1687 

Notched 

Stress 

Hme  to  Fail 

PSI 

Hours 

8520 

>2136 

8520 

>2136, 

8520 

>2136 

10,61i0 

>2136 

10,61^0 

120 

10,6^0 

>2136 

12,780 

2.5 

12,780 

13 

12,780 

.08 

17,030 

Immediate 

17,030 

Immediate 

17,030 

Immediate 

h220 

>2136 

h220 

>2136 

U22O 

>2136 

5270 

>2136 

5270 

>2136 

5270 

>2136 

6320 

U.8 

6320 

1200 

6320 

>2136 

8U30 

Immediate 

8h30 

Immediate 

8U30 

.03 

NOTE: 

•5J-Material  did  not  craze. 

-  56  - 


J 


r 


Material 

Sickness 

1/h 


LONG  TIIu'E  FLEXUllAL  TEST 
HE  ^21  • 

DATA  SOURGEj  BOEII« 


Specimen  Stress 


Number 

Condition 

PSI 

1622 

1623 

I62N 

Plain 

Plain 

Plain 

TN30 

7N30 

7ii30 

1628 

1629 

1630 

. Plain 
Plain 
Plain 

9280 

9280 

9280 

I63N 

1635 

1636 

Plain 

Plain 

Plain 

11^130 

11,130 

11,130 

I6N0 

i6ia 

16N2 

Plain 

Plain 

Plain 

IN, 850 
lit,  850 
lli,850 

1619 

1620 

1621 

Notched 

Notched 

Notched 

ShhO 

5NliO 

ShhO 

1625 

1626 

1627 

Notched 

Notched 

Notched 

6800 

6800 

6800 

1631 

1632 

1633 

Notched 

Notched 

Notched 

8160 

8160 

8160 

1637 

1638 

1639 

Notched 

Notched 

Notched 

10, 880 
10,880 
10,880 

Time  to  Fail 
Hours 


>2136 

>2136 

>2136 

360 

>2136 

>2136 

78 

53 

190 

*20 

*02 

.05 

>2136 

>2136 

>2136 

>2136 

>2136 

>2136 

>  2136 
>2136 
>2136 

7 

Immediate 

Immediate 


NOTE? 


■•MATERIAI.  DID  NOT  CRAZE 


-  5?  » 


XiOssrithmie«  8“  X  5  Cycles. 
F.  C.  C.  Sheet. 


Time  -  Wzb. 


r 


„  59  „ 


Logarithmic.  3X5  Cycles. 
F.  C.  C.  Sheet. 


iSd 


359-125G  KEUFFEl.  ft  CSSER  CO. 

Lo^rithmic,  3X5  Cycles. 

F.  C-  C.  Sheet. 


6l 


L 


TIUIE-^  HOURS 


I2SG  KEUFFEL  &  ESSER  CO. 

Logarithmic,  3X5  Cycles. 

F.  C.  C.  Sheet. 


-riME 


L 


T*I^AE  ~  HOUR^ 


nuE 


I25G  KEUFFEL  St  ESSER  CO 

Logarithmic,  3X5  Cycles.  * 
F.  C.  C.  Sheet. 


TIKAE  ~  HOURS. 


I25G  KCUFFEL  &  ESSER  CO. 

Logarithmic,  3X5  Cycles. 


3S9>125G  KELIFFT'^L  &  E55ER  CO. 

Logarithmic,  :l  X  ^  Cycles. 

F.  C.  C.  Sheet. 


Zrr\KA  E  ~  HQURS-:^ 


r 


CRAZE  RESISTANCE 


MATERIAL 

SOLVENT 

STRESS 

Flex  II 

Toluene 

1000 

2000 

2000 

2000 

3000 

Uooo 

Isopropyl 

1000 

Alcohol 

1000 

2000 

2000 

2000 

3000 

Uooo 

MEK 

$00 

1000 

2000 

Acetone 

$00 

1000 

1$00 

2000 

Lacquer 

1000 

Thinner 

2000 

3000 

Ethylene 

2000 

Glycol 

Uooo 

Propylene 

2000 

Glycol 

Uooo 

^105XP 

Toluene 

1000 

2000 

3500 

Uooo 

Uooo 

U$oo 

Isopropyl 

1000 

Alcohol 

2000 

3000 

3000 

3500 

Uooo 

Uooo 

MEK 

1000 

1$00 

2000 

Acetone 

1000 

2000 

Uooo 

L 


DATA  (1) 

RESULTS  -  SECONDS 

SOURCE 

NO. 

MAXIMUM 

MINIMUM 

AVERAGE 

Nor» 

1 

$  minutes  - 

No  craze 

Nor* 

2 

(2) 

300  (3) 

L. 

2 

2U0 

D 

mo 

$  minutes  - 

No  craze 

L 

2 

60 

L 

Immediate 

L 

2 

1  hour  -  No 

craze 

Nor. 

1 

$  minutes  - 

No  craze 

L 

2 

1800 

D 

$  minutes  - 

No  craze 

Nor. 

3 

276  (2) 

L 

2 

U20 

L 

2 

120  immediate 

60 

Nor. 

1 

$  minutes  - 

No  craze 

Nor. 

1 

13 

Nor. 

2 

(U) 

30 

L 

1 

$  minutes  - 

No  craze 

L 

2 

180 

120 

1$0 

L 

1 

60 

L 

2 

‘ 

Immediate 

L 

2 

1$00 

L 

2 

60 

L 

2 

Immediate 

L 

1 

1  hour  -  No 

craze 

L 

1 

1500 

L 

1 

1  hour  -  No 

craze 

L 

am 

600 

L 

2 

1  hour  -  No 

craze 

L 

2 

1800 

D 

. 

$  minutes  - 

No  craze 

Nor. 

1 

$  minutes  - 

No  craze 

L 

2 

90 

Nor. 

3 

(2) 

300 

L 

2 

1  hour  -  No 

craze 

L 

2 

1380 

L 

2 

720 

Nor* 

1 

$  minutes  - 

No  craze 

D 

OS 

$  minutes  - 

No  craze 

L 

Immediate 

Nor. 

2 

288 

1$0 

219 

Nor. 

1 

$  minutes  - 

No  craze 

Nor* 

1 

$  minutes  - 

No  craze 

Nor® 

3 

300 

120 

196 

L 

2 

270 

L 

2 

120 

L 

2 

Immediate 

CRAZE  RESISTANCE  (Continued) 


DATA  (1) 

RESULTS  -  SECONDS 

MATERIAL 

SOLVENT 

STRESS 

SOURCE 

NO. 

MAHMUM  MINIMUM  AVERAGE 

5105XP 

Lacquer 

1000 

L 

2 

1  hour  -  No  craze 

Thinner 

2000 

L 

2 

900 

3000 

L 

2 

120 

Uooo 

L 

Immediate 

Sierracin 

Toluene 

D 

«>' 

5  minutes  »  No  craze 

611 

Toluene 

15000 

L 

1 

10  minutes  »  No  craze 

Isopropyl 

liOOO 

L 

1 

1  hour  <-  No  craze 

Alcohol 

16000 

L 

1 

10  minutes  -  No  craze 

9m 

D 

- 

5  minutes  -  No  craze 

Acetone 

12000 

L 

1 

2200 

13000 

L 

1- 

1200 

lliOOO 

L 

1 

600 

Ethylene  Glycol 

liOOO 

L 

1 

1  hour  “  No  craze 

Propylene  ” 

1^000 

L 

1 

1  hour  -  No  craze 

1^  NaOH 

8000 

L 

1 

10  minutes  -  No  craze 

10000 

L 

1 

10  minutes  -  No  craze 

Butyl 

8000 

L 

1 

10  minutes  -  No  craze 

Lactate 

10000 

L 

1 

600(8) 

lUooo 

L 

2 

720  (8)  300  (8)  510  (8) 

MACA 

Toluene 

iiOOO 

Nor» 

1 

5  minutes  -  No  craze  (5) 

5000 

Nor® 

1 

5  minutes  -  No  craze  (5) 

6000 

Nora 

1 

5  minutes  -  No  craze  (5) 

6000 

D 

em 

5  minutes  -•  No  craze  (5) 

7000 

Nor® 

1 

5  minutes  «  No  craze  (5) 

7000 

Nor® 

1 

5  minutes  -  No  craze  (6) 

7500 

Nor® 

2 

300  29h  297  (6) (2) 

8000 

Nor® 

1 

5  minutes  -  No  craze  (5) 

9000 

Nor® 

1 

5  minutes  (3)  (5) 

10000 

Nor© 

1 

216  (5) 

Isopropyl 

U500 

Nora 

1 

5  minutes  -  No  craze  (5) 

Alcohol 

5000 

Nora 

1 

5  minutes  -  No  craze  (5) 

6000 

Nor® 

1 

5  minutes  “  No  craze  (5) 

6000 

D 

CSb 

5  minutes  -  No  craze  (5) 

7000 

Nor® 

1 

5  minutes  -  No  craze  (5) 

8000 

Nor® 

1 

5  minutes  »  No  craze  (5) 

9000 

Nor® 

1 

5  minutes  «  No  craze  (5) 

9000 

Nor® 

3 

300  180  260  (6) (7) 

9500 

Nor® 

1 

23k  (6) 

10000 

Nor® 

2 

(2)  300  (5) 

MBK 

3000 

Nor® 

1 

5  minutes  »»  No  craze  (5) 

iiOOO 

Nor® 

1 

5  minutes  -  No  craze  (5) 

iiOOO 

Nor® 

1 

5  minutes  -  No  craze  (6) 

14500 

Nor® 

1 

5  minutes  »  No  craze  (6) 

5000 

Nor® 

2 

300  Ilk  237  (5) 

5000 

Nor® 

2 

126  120  123  (6) 

CRAZE  RESISTANCE 


(Continued) 

DATA  SOURCES  NORTHROP 

NO,  RESULTS  -  SECONDS 


MATERIAL 

SOLVENT 

STRESS 

SPEC« 

MAXIMUM 

MINIMUM 

AVERAGE 

Polymer  K 

Toluene 

5000 

2 

6lij802 

61,226 

63,0114 

7000 

3 

3  s  605 

7,212 

14,810 

9000 

3 

2,1475 

2,2145 

2,363 

10000 

3 

Ifl70i4 

1,1488 

1,595 

IIDOO 

3 

■  963 

653 

769 

Isopropyl 

10000 

3 

1.576 

1,052 

I,2l4l4 

Alcohol 

12000 

3 

520 

hl2 

I498 

lUooo 

3 

Broke  when  preloaded 

MSK 

3000 

3 

82,320 

27,300 

59, liOO 

iiOOO 

3 

6,900 

3,2hO 

14,780 

h^OO 

3 

283 

200 

239 

5000 

3 

203 

IhO 

178 

6000 

3 

112 

83 

102 

HE5621 

Teluene 

it5oo 

3 

10,852 

10,839 

10,8U6 

5000 

3 

10,860 

10,080 

10,U80 

6000 

3 

1,101 

1,099 

1,100 

7000 

3 

103 

100 

102 

9000 

2 

214 

23(9) 

2h 

9500 

3 

15 

12 

13 

Isopropyl 

1500 

3 

2,110 

1,9914 

2,06k 

Alcohol 

5000 

3 

1.573 

1,510 

1,535 

6000 

3 

331 

329 

330 

7000 

3 

139 

138 

139 

9000 

3 

79 

77 

78 

10000 

38 

36 

37 

10500 

3 

11 

9 

10 

MSK 

3000 

3 

2li9 

233 

2142 

ilOOO 

3 

151 

127 

139 

li5oo 

3 

9^4 

81 

86 

5000 

3 

59 

57 

58 

6000 

3 

19 

17 

18 

6500 

3 

6 

5 

6 

(1)  All  Lockheed  crazing  data  was  recorded  to  the  nearest  minute  and  obtained  per 
LAG  Specification 

(2)  Light  Craze 

(3)  One  specimen  did  not  craze  until  load  was  momentarily  reapplied, 

(U)  Pronounced  Craze 

(5)  Sheet  "A" 

(6)  Sheet  "B" 

(7)  One  specimen  did  not  craze 

(8)  Specimen  failed 

(9)  One  specimen  failed  on  preload 


FORMING 


Source  of  Data:  Douglas  Aircraft  Conpany 


6*'  Diameter  Hemispherical  Shape. 
Using  Air-pressure  Fixture. 


o 

Temperatxire ,  F. 

3"  Depth  Draw  275  300  32g  3^0  375 

j- 


Air-Pressurei  P.S.I. 


Plexiglas  II 

Thickness,  Ine 

,  30 
(.271) 

20 

(.235) 

18 

(.276) 

17 

(.266) 

15 

(.278) 

MACA 

Thickness,  In. 

- 

20 

(.231) 

18 

(.263) 

10 

(.232) 

Plexiglas  $10$ 

Thickness ,  In. 

26 

(.25li) 

19 

(.231) 

19 

(.231) 

18 

(.231) 

Various  Draw  Depths 

at  275 “F 

,25U** 

Thickness 

1-1/2**  Draw 

20  P.S.I. 

.251t” 

sc 

2"  Draw 

30  P.S.I. 

Plexiglas  5105 

.2514" 

n 

2-5/8**  Draw 

32  P.S.I. 

.2lil4'» 

n 

2-3/ii*'  Draw 

36  P.S.I. 

Sierracin  6II 

.251’* 

1/2"  Draw 

22  P.S.I. 

V. 

.253** 

n 

1/2"  Draw 

2I4  P.S.I. 

Note  1.  -Marks  indicate  conditions  under  which  the  sheet  tested  was  obviously 


too  rigid. 

2«  MACA  -  Methylalpha-Chloro- Acrylate. 

3*  Sierracin  611  r  Solectron  lih. 

1|#  Sierracin  6ll  sheets  broke  at  275*Fs 

a.  Three,  under  10  to  liO  P.S.I.  air-pressure. 
b«  TWO,  using  male  plug  and  manual  load  application. 


A 


Results  of  Cementing  Tests  of  Transparent  Plastics 


Sources  Convair  -  San  Diego 


Specimen; 

Conpression  shear  type  specimens  consisted  of  two  milled  strips  of  transparent 
material  1"  x  8”  x  .250”  overlapped  in  bonding  by  3 A  inch  to  form  bonded  pads 
1-lA"  X  8"  which  were  cut  into  test  specimens  1  inch  wide. 


Bonding  lYocedure 


Plexiglas  II  was  prepared  by  masking  with  cellophane  tape  and  dipping  one  milled 
strip  in  ethylene  dichloride  for  17  minutes.  The  masking  tape  was  removed  and 
the  soaked  strip  was  placed  in  position  over  the  unsoaked  strip  with  a  3A"  over¬ 
lap.  The  two  joint  halves  were  then  bonded  30  hours  with  a  pressure  of  5  psi. 


Sierracin,  5105  XP,  and  Gafite  bonds  were  all  prepared 
Faying  surfaces  were  cleaned  thoroughly  with  FPllercol 
Ihe  adhesive  was  then  applied  to  both  bonding  surfaces 
in  position  with  contact  press\n*e  only,  (approximately 
were  allovred  to  cure  at  room  temperature  for  2U  hours. 


with  Epon  Adhesive  VI, 
(Denatured  Ethyl  Alcohol), 
and  the  strips  were  placed 
1-2  psi).  All  specimens 


Annealing  Procedure 


Specimens  were  annealed  as  follows  prior  to  test: 


Plexiglas  II 
Sierracin  6ll 
Rohm  &  Haas  5105  XP 
General  Analine  Gafite 
(MCA) 


120° 

175' 

190° 

250° 


+  2°F  for  20  hours 
+  2°F  for  20  hours 
+  2°F  for  20  hours 
+  2°F  for  20  hours 


Conditioning  Specimens 

All  specimens  were  conditioned  prior  to  test  for  96  hours  at  77°F  +  2°F  and 
50  +  5^  relative  humidity. 


Results 


Results  in  terms  of  pounds  per  sq.  in.  in  compressive  shear  are  tabulated  below. 
3ec.  No.  Plexiglas  II  5l05  XP  Sierracin  61I  Gafite  (MAC A) 


1 

2 


3390 

3570 


It  600 

5150 


3)420 

14395 


3990 

3700 


-  7  3  ■" 


Results  (Continued) 


Spec.  No. 

Plexiglas  II 

$10$  XP 

Sierracin  6ll 

Gafite  (MACA) 

3 

3300 

h2$0 

hi$o 

3$00 

h 

339$ 

hlQO 

hBoo 

$210 

5 

3930 

$100 

$$20 

kh$o 

6 

3280 

h9$0 

heeo 

$2$$ 

7 

h600 

Average 

3ii78 

W38 

h391 

i*386 

